By N. BISHOP HARMAN, F.R.C.S. ANY paper on this subject must of necessity begin with a reference to the work of Cohn, of Breslau, the pioneer of school work; it is true that James Ware, a surgeon of Chelsea, a Fellow of the Royal Society, and an author of a most interesting book of " Chirurgical Observations Relative to the Eye," first raised the question of vision and education between 1803 and 1812, but it was not until Cohn called atten-tion to the extraordinary prevalence of myopia in school children in Germany that any serious attention was paid to the subject. Cohn's statistics were enough to arouse the alarm of any people. In the gymnasia he found that the incidence of myopia (excluding small degrees under 1 D) in the several classes rising from the lowest to the highest was: 15'5 per cent., 18'2 per cent., 23'7 per cent., 31 per cent., 413 per cent., 55 8 per cent. These results were obtained from the examination of a very large number of children. Subsequent to these investigations numerous workers have made similar examinations of large numbers of children, and so far as Germany is concerned they have confirmed Cohn's results.
Mr. Brudenell Carter examined London children at the instance of the Board of Education and published a report as a Government paper in 1896. In his results he takes a much more hopeful view of the eyesight of London children. He estimated the refraction of 886 children having subnormal vision, using homiiatropin as a cycloplegic. Of these he found sixty-three were emmetropic-that is, the optical apparatus of the eye was properly shaped, the subnormal vision arose from other causes; 113, or 1275 per cent., were myopic; whilst the great majority were hypermetropic and of moderate degree.
In 1906 Dr. Hugh Thompson1 published the results of an estimation of the refractive errors of 1,732 children who had subnormal vision on a total class register of 24,099 children in London elementary schools. He found that on an average hypermetropia, hypermetropic astigmatism, mixed astigmatism, and myopia and myopic astigmatism accounted for the errors of vision in roughly equal proportion; and he agreed with Cohn that myopia increased in the higher standards at the expense of hypermetropia. He was careful to note that his figures could be held to have only a general significance since the estimation of refractive errors was made without any mydriatic, so that there was the liability to an accommodative error.
PRESENT EXAMINATION.
In my hospital work I come across large numbers of children who attend the out-patients' department with the red and green cards of the London County Council which warn their parents of " defective vision in the child. At the Belgrave Hospital for Children, in the Kennington district of South London, I have a clinic which is practically confined to elementary school children so far as the school age is concerned, and the children are all natives residing within a short distance of the hospital and attending the Council schools close at hand; both the children and the schools I know well. At the Middlesex Hospital there are also a large number of school children, and of a rather different class, for in the immediate neighbourhood of the hospital is a large colony of aliens. Further, the schools of the district and the housing are very different from those found in Kennington. The houses about Middlesex Hospital are crowded with people, light and air are at a premium, and the schools are for the most part old denominational schools, "non-provided " or taken over by the Council, and as regards light and accommodation they scarcely pass muster. (A new school has recently been built.) I have examined the case papers of 1,100 children whom I have seen at these two hospitals-482 at the Belgrave, 618 at the Middlesex. The refraction of all these children was worked out whilst the eyes were under the influence of atropine; the ointment of 1 per cent. was used four times a day for one week; the results may therefore be taken as reliable so far as risk from accommodative error is concerned. A word should be added as to method of retinoscopy. In all cases the reflex was corrected to 0 25 D, and the results obtained by working with a plain mirror at the distance of one metre from the eye were corrected for infinity, i.e., x being the result at one metre (x-1) was recorded as the true error of refraction. This result, which I record as the " real" refraction, is the correction with which I expect to obtain the best vision whilst the eye is under the influence of the dycloplegic.1 Cases where the defect of vision was the result of injury or ulceration of the cornea were neglected; only those are included in which the eyes were healthy except in so far as any error of refraction affected them. The cases were taken in order and without selection; they were grouped by sex, age, and refractive error. In the succeeding pages we shall note and 'These methods do not differ from the most approved practice of to-day. If further information be desired an account of them will be found in "Aids to Ophthalmology," 4th ed., Lond., 1908.
My-2 discuss any lessons that illustrate the effects of sex, age, and social conditions on the incidence and varying incidence of bad vision. The conclusions are not without interest. 
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The classes of refractive error are six. No explanation is needed of the first five classes, but " odd eyes" indicate those cases where one eye was found to be hypermetropic and the other myopic, either with or without astigmatism.
It may be noted here that for the purposes of discussion these six classes fall into two large groups-the one of hypermetropia including classes one and two, the other of myopia including classes three to six; that is to say, any child who presented a myopic index in any meridian of either eye will be, for the purpose of discussion, classed as a myope. This is a stringent but yet convenient definition, and it should satisfy the most rigid critic of these figures.
Looking at the general totals in Table I we find that of everv 100 children with defective vision, over seventy-one had hypermetropia, and less than twenty-nine were myopic. Now these 100 children with defective vision represent about 10 per cent. of the school children, and so the incidence of myopia amongst school children in London may befairly considered as not exceeding 3 per cent. Further, it will be known to every school doctor that, whilst numerous hypermetropes escape the selection of his vision test because the healthy child can accommodate sufficiently to read a distant test, the mesh of his sieve is quite fine enough to retain all the myopes even of small degree, and this was confirmed by the number of myopes of low degree whom I found amongst these school children. These returns are a distinct matter for congratulation. The first point that occurs to one on examining this table is the preponderance of girls; they account for 56 per cent. of the cases. And, secondly, that their apparent preponderance is in their excess of hypermetropia. That the visual acuity returns obtained for girls are worse on the average than for boys has been frequently shown. In Dr. Kerr's London County Council Report of 1903, of 20,000 children, of whom rather more than half were boys, 481 boys and 617 girls had only -JL vision, and 645 boys and 882 girls failed to reach that mark-i.e., rather more than 57 per cent. of the children with poor or bad vision were girls. The figures of the two hospitals and those of the schools closely approximate in sex incidence; the hospitals show 56 per cent. and the schools 57 per cent. of defect amongst the girls.
Why should there be so much more defective vision amongst the girls ? The causes for this divergence, it seems to me, are purely social. There is no evidence that the eyes of boys and girls differ in growth. To show this it would be necessary to take an equal number of boys and girls of the same social status and of the same ages and examine their refraction under an efficient cycloplegic. This has not been done. Social influences are much more likely to explain the difference. In every morbid eye condition I have investigated I have found a similar incidence, and in each case a social influence has seemed the most constant factor. Writing on one of these topics, " The Incidence of Visible Lymph Follicles in the Conjunctiva," ' I noted: "This excessive incidence amongst the girls may in part be accounted for by the fact that the boys played about in the clean, wide streets, sharpening their wits and their physical faculties, whilst the girls were kept at home to help in domestic duties." That is part of the condition that tends to produce this difference in visual acuity. The other part is the nature of the work done in schools: girls do finer work, boys do no needlework; so that in vision-testing boys have an advantage, for their accommodation muscles are in a better state of tone on account of their outdoor life, and at the same time they are less fatigued by their school work.
This will also explain the differences that appear in the incidence of the several varieties of refractive error in Table II . The percentages show that boys have more myopia than girls. The inference is not true. The figures of the boys in the four classes that make up our "myopes" represent the myopes of a larger total than 482, for many hypermetropes have escaped detection at school.
The moral to be drawn from these observations is that fine work, I " The Conjunctiva in Health and Disease," Lond., 1905. needlework particularly, should be reduced to a minimum in schools, and that should a girl be found to excel in fine sewing she should be medically examined, lest she be a myope. Further, more outdoor exercise should be secured for the girls, and, since the parents very properly object to their girls playing in the streets, more open spaces and playgrounds for the children are wanted in our cities.
SOCIAL INFLUENCE.
The effects of this will be seen in some degree by a conmparison of the Belgrave and the Middlesex Hospital returns. As I have indicated, the social surroundings of the patients attending the Belgrave Hospital are better than those found amongst the Middlesex patients. Both are equally poor; if anything, the Middlesex patients are rather better fed, for they include many alien Jews, who feed their children well; but the Belgrave district is more open, and the schools are vastly better. There are certain well-defined differences in the two returns of this table. Part of this difference is due to the falling-off in the attendance of children after the age of 11 at the Belgrave Hospital; the children who are close on the age limit of the hospital feel themselves quite " grown up," and so go to either the eye hospitals or the general hospitals with their parents. But from my knowledge of the classes of children attending those two hospitals I have reason to believe there is another factor-a race factor.
Last year I was instructed to inquire into the vision of the children attending one of the Council schools close to the Middlesex Hospital, on account of a report made by the Inspector of the Board of Education on the prevalence of bad vision amongst the children. These children I knew well, for I had met them both at school and at hospital, and the examination of their eyes showed a very heavy incidence of astigmatism, and particularly astigmatism associated with myopia.
The prevalence of bad vision amongst these immigrants has been noted on more than one occasion. In Dr. Kerr's report of 1903 the average incidence of vision less than 6 in 20,000 London school children of all classes and conditions was given as 26 per cent.; of Jewish children living within a mile of Aldgate, and mostly natives of South Russia and Poland, 36 per cent. were defective; of British children living under the same social conditions as these aliens 30 per cent. were defective.
In an examination of the incidence of refraction cases at the Moorfields Hospital in 1904 I found the proportion of aliens reached 35 as compared with natives 26 6.
As to the cause of this excessive bad vision amongst the aliens, we can only hazard the opinion that it is due to long segregation in closelyconfined and overcrowded ghettoes (vide infra, " Heredity and Vision ").
THE VARIATION OF THE REFRACTIVE ERRORS WITH AGE.
This is a most important point. Cohn, Kerr, Carter, Priestly Smith, Hugh Thompson, and many others, have put forward conclusive evidence that myopia increases both in frequency and in degree with age.
The examination of these hospital returns confirms these findings in a inost marked manner; and it also shows very clearly what kind of eyes become myopic.
Considering first the cases of poor vision due to hypermetropia, we find that, neglecting the oscillations as of probably no account, there is a slow rise in the incidence of cases from 28 to 33, with an average incidence for the whole period of the eight years of 31. This slow increase in the incidence of hypermnetropia is what we might expect from our knowledge of the growth of the crystalline lens. Its substance is very elastic in early life, and therefore the accommodation muscles are able to alter its shape-t.e., accommodate-with ease; with increasing years its substance grows in bulk and in stiffness, so that it is less easily altered in shape with the same accommodative effort. Consequently, defect of vision from short eyeball becomes more manifest with each year of life. The general steadiness and slow uprise of the incidence of hypermetropia is good evidence of the general accuracy of this table.
The second curve of hypermetropic astigmatism and the third of myopia may be considered together. They run on a fair equality for the first five years; then they diverge widely. The curve of hypermetropic astigmatism falls steadily until it is scarcely higher than the point from which it started; and conversely the curve of myopia rises upwards to the highest positions on the chart. Such a phenomenon as this leads to the irresistible conclusion that the diminution of the hypermetropic astignmatism has been due to the transference of these cases to the myopic group, and this conclusion is one that will be confirmed by any eye surgeon of experience. The causes which tend to produce this change in the ocular conditions of children are not difficult to understand. When the vision is bad on account of such a defect as hypermetropic astigmatism the child attempts to facilitate the perception of objects bybringing them closer to the eyes, thus increasing the visual angle of these objects. We all do this every day of our lives, and the act does no harm so long as the performance is not unduly prolonged. The close approximation of objects of vision necessitates convergence of the eyes, and it is to the pressure of the muscles moving the globes that the injurious effects are due; the pressure tends to cause bulging or stretching of the globes, and so myopia is started. Once myopia has comnmenced, the conditions act and react in a vicious circle; the myopia needs a still closer approximation of the objects of vision, and the ill-effects of undue convergence are increased. CONCLUSIONS. In general it may be said that the examination of the vision returns points to a very fair condition of the eyes of London children, especiallv if we compare them with similar returns collected in Germany. By far the greater proportion of the cases of bad vision are due to natural conditions of the eye-that is, hypermetropia and hypermetropic astigmatism. These are congenital conditions, and there is reason to believe that they are the normal conditions of human eyes. New-born infants are always hypermetropic; and it has been stated by those who have made examinations of the eyes of savage races that it is the usual condition with them; indeed Rivers, of the Cambridge Expedition to New Guinea, suggested that it might be held in part accountable for the accuracy of their long-range vision. The incidence of what I may perhaps be permitted to termn " manufactured " bad vislon-m11yopia and its associated astigmatisms-forms between a quarter and a third of the whole of the cases; and since these represent less than one-tenth of the school population, it follows that under 3 per cent. of the children suffer from these defects.
The differences in the vision of the boys and the girls, and of the natives and aliens, point to the necessity for the removal of those social conditions which I have indicated as responsible: and in particular suggest a reduction of fine work in schools; the increase of air, light, and space both at school and at home; and also a more generous and equal distribution of open spaces and playgrounds.
The evidence of the deterioration of astigmatic eyes indicates the desirability of a special oversight of these cases. Under present conditions of treatment this cannot be effectively done. With the establishment of school clinics these cases would be efficiently controlled and the tendency to myopia checked.
There is no evidence in these returns on which to base a pessimistic attitude towards the general tendencies of a healthy school life in so far as the condition of the eyes of the child population is concerned. HEREDITY AND VISION.
Since the writing of this paper there has been published " A First Study of the Inheritance of Vision and the Relative Influence of Heredity and Environment on Sight,"' by Amy Barrington and Karl Pearson, and it may be asked how my figures compare with the findings of the Eugenics Laboratory. In the concluding passages of this memoir there appears:-" As far as the admittedly slender data of this first study reach, there is: " (1) No evidence whatever that overcrowded, poverty-stricken homes or physically ill-conditioned, or immoral parentages are markedly detrimental to the children's eyesight. " (2) No sufficient or definite evidence that school environment has a deleterious effect on the eyesight of children. Undoubtedly considerable changes of vision take place during school years, marked first by a decrease in the hypermetropic classes and an increase in the emmetropic class. This is followed between 10 and 14. by a decrease in the emmetropic class and an increase in the hypermetropic, astigmatic and myopic classes; the balance being still in favour of emmetropia when school is left. Is the first a growth law and the second an environmental effect, or are both but phases of one law of growth-a passage from hypermetropia to emmetropia and myopia of the eyes of " unstable stocks " ? It is suggested that the latter is the truth, because so many hypermetropic individuals have myopic siblings, and in 60 per cent. of cases the hypermetropic sibling is the younger. This is a suggestion; it is far from being definitely proved, but it serves to indicate that the charge against the school from the standpoint of vision has yet to be firmly established."
In comnmenting on these passages (a) My first criticism lies against the " admittedly slender data " on which the conclusions are based. For reasons I have explained, refraction work which does not entirely eliminate the variable error of accommodation of the child cannot form a reliable basis for the erection of any conclusions.
(b) If their first conclusion stands, I should like to know why my hospital returns show a very definite preponderance of errors of refraction of the serious kind, myopia and myopic astigmatism, in the region of greatest overcrowding and poverty, i.e., about the Middlesex Hospital. I have suggested that this excess of bad vision was due to the number of alien Jewish patients. Does their vision deteriorate because they are Jews, or because they are poor Jews ? I have yet to learn that the vision of Asiatics, apart fromn external diseases, is generally worse than that of Europeans.
(c) The curve of age incidence worked out for the Middlesex cases does not agree with conclusion ('2) of the Eugenics memoir. The hospital figures show: A fall in the incidence of hypermetropic astigmatism after the ninth year, with an increase in the incidence of myopia, and these are almost directly complementary the one to the other. The occurrence strongly suggests the conclusion that those who are born with hypermetropic astigmatism become myopic. The authors of Eugenics would suggest that this is because they are born of " unstable stocks"; but my experience leads me to believe that it is because of too close application to near work by subjects whose eyes are unfitted by their shape to a prolonged strain. It is certain that when such eyes are rendered "emmetropic" by appropriate glasses the tendency to alteration is checked.
Barrington and Pearson would lead us to suppose that the increase of myopia was due to " fate " and hopeless; but in practice we find that the amelioration of school conditions and the relief of strain in ill-shaped eyes do stay the increase.
DISCUSSION. The CHAIRMAN (Mr. Clement Lucas) said Mr. Harman's contribution was a very interesting one. The chief point he gathered from it was that hypermetropic astigmatism gradually led to myopia. From the tremendous rise of myopia he gathered that the author suggested that hypermetropic astigmatism resulted in eye strain, and from that defect there developed myopia.
Mr. SYDNEY STEPHENSON desired to congratulate Mr. Harman on so handling his figures that they could be understanded of the people. It was seldom one had the pleasure of listening to a paper dealing with figures which were so clearly expressed. Mr. Harman had rightly laid great stress on. the futility of examining children's refraction unless accommodation had been paralysed by atropin or some equivalent drug. There were difficulties in the way of that when dealing with elementary school children, and Mr. Harmaii had drawn his figures from the cases presented to him at hospital because something was thought to be wrong with the eyes. Some years ago, when he (Mr. Stephenson) was engaged in the Poor Law service, he examined the eyes of all the children who came under his care under the influence of atropin, and in that way he examined nearly 6,0001 eyes of children whose ages ranged from 15 months to 18 years. The ages of Mr. Harman's cases ranged from 6 to 13 years-i.e., school age. Among those cases he found myopia present in 6'68 per cent. of the total, and that was not very different from the 3 per cent. given by Mr. Harman, which difference might have been due to different methods of examination and investigation. Practically the whole of the remainder suffered from hypermetropia or hypermetropic astigmatism. He Exact number, 5,734 eyes.
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had never seen among them a single case of emmetropia. The important point was that his own cases were examined under such conditions as absolutely to preclude error. So he agreed with Mr. Harman in believing-and he thought they both had grounds for believing-that myopia among elementary school children and Poor Law children-who were comparable to them-was not, in this country, a very serious item. Mr. Harman's next figures also interested him very much. According to the table exhibited, myopia appeared to be relatively more common among males than among females, but Mr. Harman gave reasons for believing that such was not really the case. In the figures he (Mr. Stephenson) quoted the females were nearly twice as much subject to myopia as were males--females 8'04 per cent., males 5'65 per cent.-and the difference between the sexes he thought might be accounted for by the fact that the girls he had to do with when out of school were always employed in some sort of domestic work, so that they did not get out so much as the boys. He believed the difference was a real one, and not a mere statistical fallacy. Mr. Harman had alluded to a monograph by Miss Barrington and Professor Karl Pearson on the relative influence of heredity and environment on sight. The authors of that remarkable work cast a good deal of doubt on the inferences which had been almost universally drawn from the work of Professor Cohn, of Breslau, who found an increase in the number of cases of myopia according to the position of the child in the school-i.e., the higher the position the greater the percentage of myopia. Miss Barrington and Professor Pearson cast a good deal of doubt on that, and they suggested that although those figures probably represented what the author believed to be the fact, they did not show that school influence, qua school influence, was the cause of increasing myopia. They indicated that there was an age relationship-i.e., the child was born hypermetropic, became less so with advancing years, passing possibly into emmetropia, and in some cases in Germany, at all events-to myopia. The authors of that monograph suggested that probably the amount of myopia in the higher classes in Germany represented the age-change primarily which was only coincidental with school life. It was difficult to explain the matter clearly in a few words, but he recommended members to read the monograph referred to. Mr. Harman had done a great service in placing his figures at the disposal of the Section; they tended to show that myopia among London school children was not very widespread.
Mr. ERNEST CLARKE said the subject was a very tempting one for hiim to speak upon, but he would confine himself to reiterating what Mr. Stephenson had said as to the very great importance of the paper and the importance of Mr. Harman insisting on the use of a cycloplegic. He would go almost further than the author on the matter, and say that the statistics which were published concerning the refraction of young children without such ought never to have been published, as they were dangerous figures. He had collected the refraction figures of a large number of children of the better classes, and those he would be glad to contribute later on, as it would be interesting to contrast those figures 'with Mr. Harman's.
